Paraponera clavata is a large, arboreal foraging, ground nesting, Neotropical ant which appears to rely heavily upon nectar from extra-floral nectaries. In a Costa Rican forest this ant built nests at the base of ten species of trees but seemed to select preferentially the tree Pentaclethra macroloba . These authors suggested that trees with extra-floral nectaries and buttresses may be selected by P. clavata. In Panama we found P. clavata nests at the base of 76 species of trees and shrubs, 1 palm, and 2 lianas on a 50 ha forest plot. The palm and 4 tree species were positively associated with P. clavata, while 4 species (3 shrubs and 1 tree) were negatively associated. Buttressing and the presence of extra-floral nectaries were not conspicuous features of nest trees.
THE TROPICAL ANT PARAPONERA CLAVATA (FABRICIUS) builds subterranean nests at the base of trees and ascends these trees to various levels of the canopy where they forage for nectar and small arthropods (Hermann 1975 , Young 1977 , Young & Hermann 1980 . Large drops of nectar, carried between the mandibles, are the most frequent food brought to the nest from the crown of the nest tree and adjacent interconnecting trees (Young & Hermann 1980 . Little foraging occurs on the forest floor (Young & Hermann 1980 . Pheromone trails are established and maintained by workers returning to the nest with food where other workers are recruited (Barrett et al. 1985 , Breed et al. 1987 . discussed the association of P. clavata and the extra-floral nectary bearing tree Pentaclethra macroloba. They and others (Young & Hermann 1980 , Janzen & Carroll 1983 ) reported a positive association between this tree and P. clavata. However, these previous studies included small sample sizes, and worked in a disturbed forest. That buttressed trees are selected as nest trees was also suggested, but again the sample size was small . Results of our studies in a large forest plot on Barro Colorado Island (BCI), Republic of Panama, provided a large sample size and some resolution of nest tree selection by P. clavata. We present here data on species of trees utilized as nest trees by P. clavata as a function of area sampled, sizes of trees, and distribution of buttressing and extra-floral nectaries.
STUDY SITE AND METHODS
Paraponera clavata nest sites were censused on a 50 ha forest plot on BCI where all woody plants with stems -1 cm diameter at breast height (dbh) have been identified and mapped (Hubbell & Foster 1983 ). This plot is in an area of forest believed to have experienced little human disturbance over the past 500 yr (Foster & Brokaw 1982) .
Half of the 50 ha plot was censused for P. clavata colonies in May 1984, the other 25 ha in May 1985. The plot was divided into 1250 quadrats of 20 x 20 m and further sub-divided into 5 m plots, which permitted an individual to search effectively 5 m wide belt transects for ant nests across the plot. Field teams searched at the bases of all trees, shrubs, palms, and lianas with stems -1 cm dbh for the presence of ant nests. Searches were made with the aid of 1 m aluminum poles used to remove litter from the base of stems. Openings to nests were most often immediately adjacent to the stems and usually free of litter. When ants were not active above ground, tapping or probing quickly provoked emergence. When a colony was located, the tag number (Hubbell & Foster 1983 ) of the stem immediately adjacent to the nest entrance was recorded, and from this number the species identification, size (dbh), and location in the plot of the stem was obtained from the master data file for the plot.
A Chi-square test (Mack 1967 ) was used to determine significance of association of common species of trees and shrubs with ant nests. Because of the large number of rare species of trees and shrubs (species with fewer than 1000 stems in the plot), these species were pooled according to life form (i.e., shrub, under-canopy, mid-canopy, overcanopy ; Croat 1978) , and the resulting groups were then also tested for collective association with ant nests. Finally, trees were grouped according to size class (irrespective of species), and these groups were also tested.
RESULTS
We found 218 colonies on the plot. Seventy-seven of the 302 species of self-supporting trees, shrubs, and palms found in the plot, and two species of lianas had P. clavata nests established at their bases (Table 1) . Nest density of 4.38/ha was similar to the 4.0 nest/ha in a 3.5 ha forest Island. Size classes, cm dbh: 1 = 1-1.9 cm, 2 = 2-3.9 cm, 3 = 4-7.9 cm, 4 = 8-15.9 cm, 5 = 16-31.9 cm, 6 = 32-63.9 cm, and 7 = 64+ cm. plot in Costa Rica . The nests were distributed between four types of life forms: 70 species of trees, 6 species of shrubs, 2 species of lianas, and 1 palm (Table 1) . This is the first report of lianas and palms being used as nest sites. In our sample of nest trees, 41 species (slightly over 50%) appeared only once. The most frequently used trees were Faramea occidentalis (N = 18), an under-canopy tree which is found throughout the plot at an average density of 469 stems/ha; and Trichilia tuberculata (N= 18), an over-canopy tree with an average density of 259 stems/ha. Neither of these species were used as nest trees more or less often than would be expected based on their abundances in the plot. Four species of trees and one palm were significantly associated with nests when compared to the abundances of these species on the plot. These high association (HA) species are Alseis blackiana, N = 16 (X2 = 12.00, P < .01); Tabernaemontana arborea, N= 7 (X2 = 28.94, P < .01); Virola sebifera, N = 9 (X2 = 20.94, P < .0 1); Guaria guidonia, N = 6 (X2 = 11.64, P < .0 1); and the palm Oenocarpus mapoura, N = 15 (X2 = 107.18, P < .01). These five HA species accounted for 53 ant nests (24.3% of total). Four species were significantly less associated with nests than would be predicted on the basis of their abundances. These low association (LA) species were: Desmopsis panamensis, N = 3 (X2 = 5.6, P < .05); Hybanthus prunifolias, N = 8 (X2 = 22.34, P < .01); Mouriri myrtilloides, N = 0 (X2 = 6.4, P < .05), and Psychotria horizontalis, N = 0 (X2 = 5.6, P < .05). All LA species were shrubs or under-canopy trees with characteristically small stem diameters.
Rare shrubs had significantly less ant nests than would be predicted based on their collective abundance: N = 0 (X2 = 6.35, P < .05). Number of ant nests associated with rare under-canopy trees and rare mid-canopy trees were not significantly different from predicted values based on each group's abundance (under-canopy trees: N = 9, x' = 0.17, P > 0.1; mid-canopy trees, N = 21, x2 = 1.94, P > 0.1). Rare over-canopy trees had significantly more ant nests than would be expected based on abundance: N = 36 (X2 = 39.38, P < .01). Figure 1 shows distribution of the 218 nest trees by size (dbh), together with a plot of the expected distribution based on abundance of size classes in the plot. Small individuals are under-represented in spite of their abundance. Individuals in the 8-15.9 cm dbh size class were those most frequently utilized. The small number of LA species actually used as nest trees precludes a serious comparison, but all were distributed in the 1-1.9 cm (N = 2), the 2-3.9 cm (N = 6) or the 4-7.9 cm (N = 3) size classes.
Of the 79 species used for nests, 23 percent have extra-floral nectaries, 59% do not. No data is available for the remaining 18 percent (Table 1) .
DISCUSSION
The richness of tree species in this plot, along with their physical and biological properties, presents to a groundnesting but arboreal-foraging ant a diversity of substrates on which it can ascend into the canopy. The relatively large number (79 species) of nest plants selected (Table  1) and the relatively few positive or negative ant-tree species associations suggest that there may be little active selection by P. clavata for nest sites. Small trees and shrubs apparently offer little hope of providing access to the canopy or adequate foraging resources. For example, Hybanthus prunifolius, a shrub numbering nearly 40,000 individuals and found throughout the plot, was under utilized, as was the polytypic genus of shrubs, Psychotria (12 species in the plot) and the shrub Mouriri myrtilloides, with 6996 and 6989 individuals respectively. These under-utilized shrubs and the small under-utilized tree Desmopsis panamensis (N = 11,754) constitute 28 percent (65,616) of all stems available in the plot excluding the nearly 28,500 lianas and woody hemiepiphytes (Hubbell & Foster 1983) .
We never found a nest of ants at the base of a small tree or shrub that was physically isolated from neighboring trees. One or more connections were evident in all cases. We suspect that colonies established at the base of small isolated trees would eventually fail or be forced to move, but movement is reported to be unlikely (Levy 1983) . Large, physically isolated trees (probably rare in undisturbed forest) could possibly support a colony of P. cl/avata providing that it had productive extra-floral nectaries. Pentaclethra macroloba may be a case in point .
All HA species were either mid-canopy or over-canopy trees, and the pooled group of rare over-canopy trees was also positively associated with ant nests. Larger trees probably provide better access to the canopy. Some life forms are apparently selected against. For example, in the plot there are 4047 individual palms (1 1 species), but only Oenocarpus mapoura, a mid-canopy level palm, was used by P. clavata. Oenocarpus mapoura is the most abundant species of palm, comprising 42.6 percent of all individual palms, but why were no other palms utilized? Astrocaryum standleyanum, like many other species of palms, is relatively rare and it has, like some species of the palm Bactris, numerous spines that could easily impede the movements of a large ant like P. clavata. Differential use of various trees might also be related to the ease and efficiency with which recruitment trails can be established and maintained. Trees with rough bark, for example, may be a difficult surface on which chemical recruitment trails can be established. This might be particularly important to P. clavata, which have rather small populations of foragers and use chemical recruitment extensively (Breed et al. 1987) , especially when they are foraging in the crowns of the upper canopy or in emergent trees where food resources may be 40-50 m from the nest.
Twenty species of nest trees (2 5%) are known to form buttresses (Table 1) . However, none of the HA species were buttressed, and since a preponderance of nest trees were in the 8-31.9 cm dbh size classes, one would not expect buttress development to be extensive even on species that normally form buttresses.
Since P. clavata appears to be an obligately arboreal forager, it seems justifiable to contrast and compare the benefits and costs associated with foraging on lower vs upper canopy level trees. In taller trees the bole is often free of physical connections to adjacent vegetation for a considerable distance. Ants ascending these trees are obliged to travel over greater distances than ants travelling to the lower canopy, perhaps experiencing greater risks of predation and environmental stress such as wind and direct sunlight. Levy (1983) suggets that P. clavata avoids temperature stress during the dry season on BCI by shifting to more nocturnal activity. Cost of establishing and maintaining pheromone recruitment trails would also be increased as travel distances increase. Breed et al. (1987) demonstrated graded recruitment and trail laying behavior in P. clavata depending on the quality of food resource. Accordingly, costs of hauling and trail laying might be offset if mature trees provide a more rich, predictable resource base, perhaps as a result of a greater number and diversity of lianas and epiphytes and their attendant fauna. Erwin (1982) has shown that a single individual tropical tree not particularly rich in lianas and ephiphytes has an incredibly rich arthropod fauna. Additionally, mature trees would provide resources in the form of reproductive structures (flowers, nectar, pollen, and fruit).
In conclusion, we suggest that the presence of P. clavata nest at the base of trees in the Panamanian forest suggests more about the homogeneous distribution of nectar in the canopy than it says about ant-tree associations per se. This is not to say that trees with extra-floral nectaries, such as P. macroloba, are not preferred where available (P. macroloba do not occur on BCI) but that nest trees should be thought of primarily as avenues to the canopy where nectar and arthropods can be harvested where found.
The Choco biogeographical region comprises the lowlands and mountains west of the Andes in Colombia (Choco Department and western parts of Valle, Cauca and Nariiio Departments) and Ecuador. It is known as a region of unusually high endemism in plants, birds and butterflies. Its lowland forests are one of the species-richest communities in the world; its high biological diversity has been correlated with the high levels of precipitation. The Choco region has been a major refuge area during the dry glacial periods, an especially well documented fact for birds and vascular plants.
"El Refugio" biological station is located at the edge of the Choc6 biogeographical region, on the western versant of the western cordillera, at elevations between 1600 and 1900 m, 23 km away from Cali, on the road to Buenaventura (Valle Department). It includes 14 ha of species-rich forest and 9 ha of open lands which were acquired ten years ago by a Colombian family concerned with the conservation of native species. Since then, the open areas have been enriched with numerous living collections of andean plants. Annual precipitation is about 4500 mm. Heavy fog in the afternoon and in the evening is a salient feature of the climate, epiphyte richness characterizes the forest.
In order to promote conservation, biological education and research, "El Refugio" will open its doors to the international community of tropical biologists in May 1989 (accommodation facilities are provided). The station offers an excellent opportunity for biological field research in the Choco biogeographical region, i.e., not only on the own grounds of the station, but also on the dry pocket of the Dagua Canyon, a xerophytic enclave in the Choco region (only 25 km away), and in the lowlands near Buenaventura (one to two drive hours away). The station is especially recommended for research in floral biology, ecology, floristics, ornithology and entomology. "El Refugio" will also be available for college field courses.
For further information please contact Eduardo Calderon:
